INTRODUCTION

46
Acidic soils constitute circa 30 % of the world's total land area and 50 % of the potentially 47 available arable land (Von Uexküll and Mutert 1995) . Acidic soils are particularly 48 predominant in two regions in the world, a northern "temperate belt" and a southern 49 "subtropical belt" (Hede, Skovmand, and Lopez Cesati 2001) . Therefore, a broad range of 50 end libraries were created and sequenced in Illumina HiSeq 2500 machines in rapid run 135 mode by the Earlham Institute (approx. 70X) and the Yale Center for Genome Analysis 136 (approx. 30X) following the manufacturer's protocol. Additionally, a Nextera mate-pair (MP) 137 library with insert length 7 Kb was sequenced to improve the scaffolding. Read quality was 138 assessed, and contaminants and adaptors removed. Illumina Nextera MP reads were 139 required to include a fragment of the adaptor to be used in the following steps (Leggett, 140 Clavijo, et al. 2013 ). The pair-end shotgun libraries were assembled and later scaffolded 141 using the mate-pairs library using Platanus v1.2.117, which is optimized for heterozygous 142 genomes (Kajitani et al. 2014 ). We did not use Platanus' gap-closing step. Approximately 1 143 million Pacbio reads from this same genotype were generated in a PacBio RSII sequencer, 144 and used for gap filling using PBJelly v.15.8.24 (English et al. 2012) . Scaffolds shorter than 145 1 Kbp were filtered out. We used 31mer spectra analysis to compare the assemblies 146 produced by different pipelines, as well as our final assembly with the intermediary 147 assemblies from preceding steps. A K-mer spectrum is a representation of how many fixed-148 length words or K-mers (y-axis) appear a certain number of times or coverage (x-axis). The Proteins were compared with the NCBI non-redundant proteins and EBI's InterPro 170 patterns of the sequence, satellites, and transposons were much less common, except for 280 2014), and 13,570 proteins could be further annotated with GO terms from the eggNOG 301 database. We also assigned the proteins from other species in the Poaceae family to these 302 eggNOG orthologous groups in order to identify shared clusters of proteins among these 303 species. 24,752 of the total 26,354 clusters of proteins defined for Poaceae (poaVIR) in the 304 eggNOG database could be found in at least one of the studied species, around 70 % 305 common to the tribe Paniceae that includes Setaria and Panicum species, and around 60 % 306 to all these five species in the subfamily Panicoideae (Suppl. File 4; Suppl. Fig. 4 ). More 307 than 70% of the clusters of proteins had double or triple the number of proteins than other 308 species because of relatively recent whole-genome duplication events. Around 85 % of the 309 cluster in S. italica, S. viridis or P. halli contained only one protein from these species (Suppl. 310 Table 5 ). The proportion is lower in B. ruziziensis and Z. mays and 20 % of the clusters had 311 two proteins in both species. From this analysis, we also estimated that there are 312 approximately two thousand proteins in other close species that are missed in our Brachiaria 313 assembly. 314
315
We estimated the divergence between these species based on the Kimura divergence 316 values between orthologous proteins in 6,450 clusters of proteins with one member from 317 each species (P. virgatum was excluded from this analysis). The average Kimura divergence 318 value for pairs of coding sequences of B. ruziziensis with S. italica was 0.094 ± 0.007, with 319
Panicum hallii was 0.102 ± 0.007, with S. viridis was 0.095 ± 0.006, and with maize was 320 0.163 ± 0.008 (Suppl. Fig. 5 ). By assuming an average substitution rate of two-times 321 two linkage groups, relating to two homoelogous chromosomes, matched to each 360 assembled chromosome (pseudomolecule), which were numbered following the order in S. 361 italica (Suppl. Table 6 ). We also aligned the scaffolds in the genetic map to compare the co-362 linearity between the position of each marker in the genetic map and genome assembly 363 (Suppl. Fig. 8 ). 364
365
As stated above, RL, RB and RD were scored in the interspecific population in control and 366 Al 3+ stress conditions. We also calculated the ratio between both conditions. 371 markers 367 the QTL regions, 39 were in QTL in LG1, 17 were in the QTL in LG3, and 31 were in QTL in 393
LG4. A total of 35 of the 87 genes were annotated as components of membrane, 18 were 394 annotated as involved in response regulation, and 37 as binding to different molecular 395 compounds, including ATP/ADP/GTP (12) and metal ions (9) and DNA (8). Only 12 of the 87 396 genes were not annotated with at least one of these previous GO terms. However, 17 of the 397 87 genes were uncharacterised proteins and not annotated with GO terms. All but six of 398 these 17 had homologous proteins in the related grass species. All three QTL regions 399 contained genes annotated in all the previous GO terms in approximately equal proportions. When the normalised counts for all the genes were used to cluster the samples, these 413 clusters firstly grouped by tissue, secondly by genotype, and thirdly by treatment (Suppl. Fig.  414 10). As a consequence, the following results comparing control against stress treatment are 415 presented according to species and tissue. There were 5,421 DE genes in total, with most of 416 these differentially regulated in a single genotype and tissue (Suppl. Fig. 11 ). Among these, 417 5102 were DE in roots only, 249 in stems only, and 70 in both tissues. Up to 116 of the DE 418 genes were non-coding (without a clear ORF). 419 420 4,423 of the 5,102 genes DE in roots were specific to one of the species (Fig. 5 ). We allowed us to identify the biological processes (BP) and molecular functions (MF) that are 431 similarly or differently regulated among them (Suppl. File 9 and 10). After annotating the 432 genes with the full set of GO terms as described previously, we simplified the results to "GO 433 slim" terms for this analysis. "GO slim" contains the subset of higher-level terms from the GO 434 resource ( Fig. 6 , sorted left to right from high to low tolerance to Al 3+ toxic levels; Statistical 435 analysis in Suppl. Table 7) . However, only two were common to the three species, a MST3 sugar transporter (Gene 456 1766G4) and 8448G4, a STAR1/ALS1 aluminium-induced transmembrane ABC transporter 457 (Huang et al. 2009 ). While most of these genes were DE in only one of the species (only 21 458
were shared between any two species), they appear to cover similar roles in all three 459 species as "ABC transporters", "P-type ATPases" and "Amino acid transporters". As 460 commented before, there was a minimal overlap between this GO term (MF:22857) and the 461 genes, respectively). Again, there was little overlap among these gene sets. In B. 502 ruziziensis, ten of the 39 down-regulated genes were associated with different "defense 503 response". The same proportion was observed among up-regulated B. decumbens and 504
Basilisks genes. There was overlap between "Glycosyl hydrolase" and "carbohydrate 505 metabolism" (BP:5975) (Suppl Fig. 13 ), which, in principle, shows the same enrichment 506 pattern, down-regulated in B. ruziziensis (42 genes) but up-regulated in the other species 507 (24 and 21 genes in Basilisks and B. decumbens, respectively). However, "carbohydrate 508 metabolism" (BP:5975) was also enriched among down-regulated DE genes in Basilisks (13 509 genes). Similar specific GO terms and pathways were enriched in either up-or down-510 regulated genes, such as "hemicellulose metabolic process", xyloglucan metabolism, 511 glycoside hydrolases, "sucrose degradation" pathways. 512 513 Two GO terms, "oxidoreductase activity" (MF:16491) and "small molecule metabolism" 514 (BP:44281) were enriched in both up-regulated and down-regulated genes in Basilisks (69 515 and 29 genes, respectively), but, in both cases, were only enriched among down-regulated 516 genes in B. ruziziensis and B. decumbens (Suppl. Fig. 13 ). There were fewer up-regulated 517 genes in these species than in Basilisks. in the interspecific population. The three QTLs we identified were not large effect (LOD 557 scores under 6) but were observed for several root traits. Also, they may not have been 558 directly related to aluminium resistant but more to general root vigour. In future work, it will 559 be interesting to see if these QTLs are also associated with drought tolerance, since this trait In this work we present a comprehensive analysis of the molecular mechanism linked to 707 aluminium tolerance in Brachiaria species. Phenotypic studies on root development allowed 708 us to identify genotypes that present tolerance to aluminium. By sequencing, assembly and 709 annotating a diploid genotype of Brachiaria ruzinzensis we have developed the capability for 710 genomic-based studies of desirable phenotypic traits. Using this resource, we have identified 711 three QTLs associated to root vigour that where followed up/complemented by 712 transcriptomic profiling of a range of 3 contrasting genotypes subject to aluminium stress 713 treatments. We have identified a number of genes and molecular responses that impact on 714 different aspects of signalling, cell-wall composition and active transports as response to 715 aluminium stress. We found that external mechanisms such sequestration of Al 3+ common in 716 other grasses might be not that important in Brachiaria and that among different Brachiaria 717 species the timing and intensity of the response can explain the different levels of tolerance. 
